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Potential role of PFOB enhanced sonography of the kidney. IL Detec-
tion of partial infarction. Aside from its ability to assess flow velocity
within vessels, color Doppler and gray-scale sonography cannot distm-
guish perfused from non-perfused tissues. In this study we evaluated
whether Perfluorooctylbromide (PFOB), a sonographic contrast agent
given i,v., could aid sonography with this recognition. Partial renal
infarction was produced by a 1 mm bead embolized in the right, the left,
or both renal arteries of 20 normal rabbits. The sonographer, unaware
of rabbit assignment, attempted to diagnose the infarct 24 hours later.
All 20 rabbits were studied with gray-scale and color Doppler sonogra-
phy, 10 before and after PFOB and 10 only after PFOB. Angiography
and post-mortem examination were done for confirmation. Of the 20
kidneys evaluated before PFOB, the sonographer was unable to diag-
nose the 10 partial infarctions. Color Doppler identified five of the ten
infarctedkidneys, but accurately localized the infarction in only two. Of
the 40 kidneys evaluated after PFOB infusion, 20 scanned before and 20
scanned only after PFOB, all 20 partial infarctions were accurately
diagnosed with both gray-scale and color Doppler. PFOB enhanced the
echogenicity of perfused renal tissue allowing the easy detection of the
unenhanced infarct. Because of the increased signal from vessels after
PFOB, color Doppler displayed the entire vascular tree, allowing the
detection of the trunCated embolized branch. The ability of PFOB to
enhance Doppler signals and the echogenicity of perfused tissues
improved the diagnostic accuracy of sonography when used to detect
partial renal infarctions.
Renal arterial occlusion is currently best detected by selec-
tive renal angiography [11. Computed tomography (CT) and
magnetic resonance (MR) imaging have proven useful in detect-
ing infarcts down to the segmental artery level when aided by
contrast agents [2—4]. Except for Doppler evaluation which
detects flowing blood in vessels, sonography currently has
limited value in the assessment of renal embolic disease as it is
insensitive to the early changes of infarction. While sonography
can detect the significant morphologic changes late in the
course of this condition, these changes are non-specific. Partial
renal infarction often stems from an embolus at the interlobar or
arcuate artery level. This is also the same level most affected in
vascular rejection of renal allografts [5], which is reliably
detectable only by selective angiography [61.
Perfluorooctylbromide (PFOB) (Imagent® BP, Alliance Phar-
maceutical Corp., San Diego, California, USA) emulsion which
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remains within the vascular space for several hours increases
the echogenicity of perfused tissues [7] and the Doppler signals
from vessels on both spectral and color displays [8], This study
was designed to evaluate whether the ability of PFOB to
enhance perfused tissues and color Doppler signals can improve
the sensitivity and specificity of gray-scale and color Doppler
sonography in the detection of partial renal infarction,
Methods
Animal preparation
Twenty New Zealand white rabbits weighing 2.5 to 3.5 kg
were used. Under ketamine (50 mg/kg) and xylazine (8 mg/kg)
anesthesia given subcutaneously, a midline laparotomy was
performed to expose the renal artenes. They were randomly
selected to undergo embolization of the left, right, both, or
neither kidney. A one millimeter barium impregnated silicone
bead (Heyer-Schulte Corp., Goleta, California, USA) was
placed in the tip of an 18G plastic i.v. catheter. A Satinsky
clamp was positioned around the aorta such that it occluded the
supra- and infrarenal aorta and the contralateral renal artery to
isolate the renal artery to be embolized. Through a small
incision in the aorta, the 18G catheter was advanced into the
renal artery. While irrigating externally with 2% lidocaine to
decrease arterial spasm, the bead was injected into the renal
circulation with normal saline. The Satinsky clamp was re-
leased while the catheter was withdrawn to properly wedge the
bead and then reapplied to repair the aorta. Renal infarcts could
be visualized ort the kidney surface shortly after embolization.
Animals were closed, given 100,000 units procaine penicillin
intramuscularly, and allowed to recover.
In these 20 rabbits, there were 20 normal and 20 embolized
kidneys, where one kidney was embolized in ten, both kidneys
were embolized in five, and neither kidney embolized in five.
Imaging protocol
The protocol is shown in Figure 1. Twenty-four hours after
renal embolization, animals were anesthetized and divided into
two equal groups such that each group had ten normal and ten
embolized kidneys. Gray-scale and color Doppler evaluations
were performed in the first group before and then S to IS
minutes after the administration of 3.0 mI/kg Imagent BP (100%
wt/vol PFOB, one ml contains one g of PFOB) to determine and
compare the diagnostic accuracy of sonography when done
without and then with contrast. The second group was scanned
only after 3,0 mI/kg PFOB to insure that the accuracy of the
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post-PFOB scanned of the first group was not influenced by the
fact that the sonographer had evaluated the same kidneys
before contrast. The sonographer was blinded as to which
animals received PFOB prior to evaluation, as well as which
kidney(s), if any, had been embolized. Sonography was per-
formed with an Acuson unit equipped with a fourth generation
color Doppler system and a 7 MHz L7384 transducer (Acuson,
Milpitas, California, USA). Except for overall image bright-
ness, the dynamic range, pre- and post-processing, Doppler
sensitivity and filtration, and all other settings were kept
constant throughout the experiment. Gray-scale and color
Doppler real time images were recorded on a 3/4" broadcast
quality videotape. The sonographer, limited to ten minutes of
scanning time per kidney, decided whether or not an infarct was
present, described its location, and related the confidence level
in that diagnosis (0 to 100%). There were six possible locations
allowed: anterior or posterior, and upper, middle, or lower
portion of the kidney. The imaging time required to make a
diagnosis was recorded. However, the time to diagnosis also
included the recording of the real-time segment in the longitu-
dinal and transverse planes and in gray-scale and color Doppler
formats. The recording typically required three minutes for one
kidney.
Validation procedure
Following sonography, non-selective renal angiography was
performed through a femoral artery cutdown and a 3.5 F
catheter positioned at the level of the renal arteries. Eight mis of
full-strength Conray 60 (iothalamate meglumine, Mallinckrodt
Medical, Inc., St. Louis, Missouri, USA) was used with filming
done to show the arterial and then capillary perfusion phase.
Immediately following angiography, animals were sacrificed
with an overdose of pentobarbital, kidneys removed and exam-
ined grossly. The locations of infarcts were recorded and the
infarcted kidneys photographed before and after they were
sectioned in a coronal plane through the center of the infarct.
Data collection and analysis
Angiograms were used to verify which intrarenal arterial
branch was embolized and to locate the perfusion defect.
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Fig. 1. Flow chart detailing the experimental protocol.
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Fig. 2. Gray-scale visualization of partial renal infirction before and after PFOB. A. Coronal gray-scale image of left kidney before PFOB. B.
Coronal gray-scale image of the same kidney as in (A) taken immediately after the i.v. administration of PFOB. Note the presence of a wedge
hypoechoic defect not seen pre-PFOB (arrowheads). The increased echogenicity of the medulla allowed the detection of perfusion defect that
extended into the papilla (arrow). C. Renal angiograrn of the same kidney shows the perfusion defect (arrowheads) and the barium-impregnated
silicone bead (arrow). D. Coronal photograph of a section of the kidney taken through the infarct (arrowheads). Note the excellent anatomic
correlation with the visualized infarct as seen after PFOB (B) and on the angiogram (C) including the extension of the infarct into the papilla
(arrow).
Sonographic diagnosis was compared to the angiographic and
post-mortem evaluations. The accuracy of the sonographer to
diagnose renal infarction in the PFOB group versus the control
group was evaluated, as well as the group studied before and
after PFOB.
Results
Gray-scale and color Doppler sonography at baseline
In the 10 rabbits studied before PFOB with 10 normal and 10
partially infarcted kidneys, none of the infarctions were visible
on gray-scale. Color Doppler allowed the recognition of 5 of the
10 infarcted kidneys, however, 3 of the 5 infarcts were grossly
malpositioned within the kidney (superior, middle and inferior
pole). Therefore without contrast, sonography allowed the
accurate depiction of 2 of the 10 partial infarctions,
Gray-scale and color Doppler sonography aided by PFOB
The echogenicity of the entire kidney was increased after the
infusion of 3 mllkg PFOB which lasted the entire course of the
experiment. The medulla, which was less echogenic than cortex
before PFOB, became more echogenic than cortex because of
the osmotic gradient across the medulla [9, 101. The infarcted
region failed to enhance relative to the remainder of the kidney
and was seen as a hypoechoic wedge based at the renal margin.
The apex of the wedge invariably extended into the hyperechoic
medulla which was easily detected (Fig. 2). Color Doppler
showed the entire arterial tree including small vessels and those
at less optimal angles to the ultrasound beam. The missing
embolized branch was readily identified when the anterior and
posterior circulations of the kidney were compared (Fig. 3).
When the bead lodged near the corticomedullary junction, a
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Fig. 3. Color-Doppler visualization of arterial occlusion after PFOB administration. A. Coronal view of normal posterior arterial tree of the same
kidney as shown in Figure 1. B. Coronal view of abnormal anterior arterial tree showing the embolized artery at the apex of the infarcted triangular
defect. This correlated with the position of the bead seen in IC.
Fig. 4. Effect of PFOB on the visualization of the vascular structures at the corticomedullary junction. A. Coronal color Doppler image of a normal
kidney before PFOB. B. Coronal color Doppler image of the same kidney after the i.v. administration of PFOB. Note the overall increase in color
Doppler signal and the visualization of the arcuate ring at the corticomedullary junction (arrowheads).
break in the arcuate arterial ring was the only defect exposed by
color Doppler. The arcuate ring was a color circle at the
corticomedullary junction, which was seen completely only
after PFOB (Fig. 4).
In the group studied only after PFOB, all ten normal and
infarcted kidneys were correctly identified with 90 to 100% and
75 to 100% confidence, respectively, and all partial renal
infarcts were accurately positioned. When PFOB was given to
the group studied before PFOB, all normal kidneys became
distinguishable from the abnormal kidneys on both gray-scale
and color Doppler and all partial infarcts were correctly lo-
cated, except for one kidney. The single error was made in the
assignment to the anterior or posterior circulation. The 5 of 10
infarcted kidneys missed before contrast were correctly identi-
fied. Of the 5 of 10 abnormal kidneys identified before PFOB,
the location of the infarct was corrected in three, and the
confidence level was increased in all five kidneys from 66 7%
to 97 2% SEM (P < 0.01).
Although the silicone bead was occasionally visible with
sonography, its sonographic appearance was so similar to the
central renal echoes that it was recognized with confidence only
after the infarct was seen, and thus did not "unblind" the study.
Gross morphology
Infarcts could be readily seen on both angiography and
autopsy. Upon sectioning, the silicone bead which was visible
radiographically could frequently be identified lodged within an
arterial branch just proximal to the corticomedullary junction
(interlobar vessel). The infarcted region was generally limited to
the cortex distal to the embolus, but occasionally a segment of
the medulla subadjacent to the involved cortex was also af-
fected. There was no apparent predilection for the location of
the bead, and thus the infarct location was not predictable.
Scanning time
Despite the fact that the time to diagnosis included the nearly
three minutes required time to record the gray-scale and color
Doppler segments of the study, PFOB shortened scanning time
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from 5.49 0.44 (sEM) minutes to 3.88 0.52 minutes (P <
0.05). The time needed to diagnose infarcted kidneys was 5.78
0.62 minutes before PFOB, whereas infarcts became imme-
diately apparent on gray-scale after PFOB. There was no
significant difference in scanning times between the right and
left kidney or between the two groups studied after PFOB
administration.
Discussion
Segmental renal infarction generally stems from an embolic
event in the setting of pre-existing cardiac disease [111, trauma,
recent aortic surgery, or angiographic procedure [12], or may
also occur during vascular rejection of renal allografts [3, 5]. In
an isolated setting, segmental renal infarction may produce a
suggestive constellation of symptoms leading to its clinical
diagnosis Ill]. However, in the setting of existing illness or in
the post-operative period, particularly after transplantation, the
clinical picture is more confusing and may lead to significant
diagnostic delays.
Previous unblinded sonographic studies have suggested that
there is a change in parenchymal echogenicity shortly after
segmental renal infarction [1, 3]. In the absence of contrast and
when blinded, we noted no changes in parenchymal echogenic-
ity on gray-scale images 24 hours after embolization. Color
Doppler evaluation without contrast detected 5 of 10 abnormal
kidneys because of disturbance in the vascular architecture.
However, in three the infarcted region was grossly malposi-
tioned (upper vs. mid vs. lower poles). The region thought to be
infarcted did not correlate with angiography and macroscopy.
The difficulty in recognizing the infarcted region was reflected
by a low confidence level of 66%. After contrast, all 20 infarcts
were detected and accurately positioned except for one which
was seen in the correct position, but assigned in error to the
anterior versus posterior circulation. In fact this single error
was made in the kidney shown in Figure 2, where the infarct is
quite apparent. The fact that the infarct was seen in all 20
rabbits where 10 had been studied before PFOB, indicates that
the sonographers ability to detect the infarction after PFOB was
unaffected by what was learned on the pre-PFOB scans.
Following PFOB, partial renal infarctions were characterized
by a wedge-shaped hypoechoic region within the contrast
enhanced cortex. Since the medulla enhances even more than
the cortex with PFOB [9], the apex of this wedge which
frequently extended into the medulla was particularly striking
and was often the first abnormality noted. The extension into
the medulla is presumably due to the inability of the agent to
reach the efferent arterioles because of the pre-glomerular
obstruction.
Doppler evaluation of the renal vasculature is gaining popu-
larity when evaluating the transplanted kidney [51. Turbulent
flow or reduction in diastolic flow have been used to detect
global and segmental defects in renal arterial supply [5, 6, 131.
Color Doppler images which displayed portions of the intra-
renal vascular tree before PFOB displayed nearly the entire
vascular tree after PFOB. This "sonographic angiogram" al-
lowed the accurate localization of the occluded vessel within
the kidney (Fig. 2). Doppler interpretation of ultrasound signals
relies on the detection of a change in the frequency of the
transmitted beam caused by moving reflectors. Technological
advances have yielded greater sensitivity in detecting flow by
innovative signal processing to recognize the signal from noise
when the signal to noise ratio is compromised and to recognize
slow flow from tissue motion. Since contrast agents increase the
signal to noise ratio, even highly sensitive instruments would be
expected to benefit. The increased signal-to-noise ratio can
improve the visualization of smaller and/or deeper vessels or
vessels at suboptimal angles to the ultrasound beam where the
signal is compromised.
The time required to reach a diagnosis on sonography is
partly related to the sonographers confidence level. PFOB
significantly improved the confidence level and shortened exam
time. Infarctions were recognized essentially instantaneously
on gray-scale images. The 3.88 minutes of imaging time to reach
a diagnosis after PFOB is biased by the fact that this time
included the nearly three minutes required for recording. Since
PFOB allowed the detection of a perfusion defect due to
mechanical occlusion of a vessel, we believe it can also do so in
the acute setting, not only at 24 hours as in this study.
Sonography when aided by PFOB provided accurate and
detailed anatomic display of the renal parenchyma and vascular
tree. By simplifying, increasing confidence and accuracy, and
hastening the ability of sonography to diagnose and localize
perfusion defects within the kidney, PFOB promises to improve
the ease and timeliness of diagnosing segmental renal infarc-
tion. This would hopefully lead to a more rapid institution of
appropriate therapies, and greater preservation and recovery of
functional renal tissue.
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